ABSTRACT A full-cycle laying hen study was conducted to evaluate crab meal (CM) and lobster meal (LM) as feed ingredients for laying hens by assigning four hundred thirty-two 35-wk-old White Leghorns to 1 of 6 diets [control, 2.5% CM, 2.5% LM, 5% CM, 5% LM, and 2.5% CM + 2.5% LM (blend)]. Productive performance and egg parameters were evaluated every 28-d period. Eggs were collected at 67 wk of age from the 5% CM, 5% LM, and blend treatments for analysis of yolk fatty acid composition. At 55 and 67 wk of age, ulnas were collected to determine breaking strength, percent ash, and calcium. Body weights, feed consumption, hen-day production, feed efficiency, and egg quality were not affected (P > 0.05) by treatment. The L* scores of eggs from 5% CM, 5% LM, and blend were lower (P < 0.05) than eggs from the control by the end of the second 28-d period. The a* score of the eggs from 5% CM, 5% LM, and blend was higher (P < 0.05) than the control by the end of the first 28-d period. The content of docosahexaenoic acid (DHA) in egg yolks was different (P < 0.05) among the control (0.17 g/100 g), 5% CM (0.46 g/100 g), 5% LM (0.32 g/100 g), and blend (0.38 g/100 g) treatments. Treatment did not affect (P > 0.05) any of the bone parameters measured at 55 and 67 wk of age. CM and LM supported similar egg production, feed efficiency, egg yolk color, adequate bone strength, and the incorporation of DHA into egg yolks. Astaxanthin (3,3′-dihydroxy-β,β-carotene-4,4′-dione) is a red carotenoid (Kobayashi et al., 1997) that is the main carotenoid pigment used in salmonid and crustacean production. Natural sources of astaxanthin include green algae (Haematococcus pluvialis), red yeast, as well as crustaceans . Astaxanthin possesses antioxidant activity and has been reported to have several other biological functions in humans, including inflammation responses, UV light protection, eye and joint health, as well as liver and heart function (Guerin et al., 2003) .
INTRODUCTION
The harvesting and processing of crustaceans in Atlantic Canada generates approximately 140,000 tonnes of raw material annually from which almost 20,000 tonnes of dried waste comes from Atlantic snow crab (Chionoecetes opilio) and American lobster (Homarus americanus; Nicholson et al., 1996a; Fisheries and Oceans Canada, 2012) . The slow biodegradability of these waste products has raised concerns over disposal practices and their impact on the environment (Shahidi and Synowiecki, 1991) . Therefore, processing of shellfish waste has been recognized as a way to use otherwise unwanted material and provide alternative feed ingredients for livestock (Nicholson et al., 1996b; Carrillo-Domínguez et al., 2005) . Previous research has mainly focused on ruminants (Nicholson et al., 1996a,b) , and little information is known about the effect of crustacean meals in other species such as poultry. The availability of crab (CM) and lobster meals (LM), in addition to the high protein and calcium contents of these crustacean meals, makes them potential feed ingredients for laying hen diets. Information on the effects of modern crab meal and lobster meal on bird performance, egg quality, and calcium utilization is limited (Carrillo-Domínguez et al., 2005; Daniel et al., 2006) . A study by Tang et al. (1988) used graded levels of CM at 0, 4, 8, and 12% in the diets of laying hens and concluded that feed efficiency was reduced when inclusion levels were increased. However, since the time of their study the composition of crab and lobster meal has dramatically changed because of advances in processing techniques. The efficacy of using these higher quality crustacean meals in laying hen diets has not been established. Changes in the composition of CM due to processing techniques has resulted in a feedstuff with elevated levels of CP (55%) and decreased ash (16%; Lyons, 2005) . Earlier crab meals contained variable levels of calcium (7.5 to 15%; NAS, 1971; Rutledge, 1971; Tang et al., 1988; Van Lunen and Anderson, 1990; NRC, 1993) and had high ash contents (20.5 to 41%; NAS, 1971; Rutledge, 1971; Van Lunen and Anderson, 1990; NRC, 1993) due to the shell component in the meal, whereas the CP value ranged from 31 to 58% (NAS, 1971; Rutledge, 1971; Tang et al., 1988; Van Lunen and Anderson, 1990; NRC, 1993) .
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The diet of crustaceans is rich in n-3 fatty acids due to their consumption of zooplankton and phytoplankon, both rich sources of n-3 fatty acids (Kyle, 2002) .The long-chain n-3 fatty acids, eicosapentaenoic (EPA) and docosahahexaenoic (DHA), have been shown to have beneficial effects on the immune system and cardiovascular health. Both EPA and DHA play important roles in reducing blood viscosity and pressure, platelet aggregation, cardiac arrhythmia, and triglyceride level (Farrell, 1994) . Eggs can be easily enriched with n-3 fatty acids through dietary sources supplied though the laying hen diet (Lewis et al., 2000) . Supplementing hen diets with 3 to 7% fish oil has resulted in the production of eggs containing more than 200 mg of n-3 fatty acids (Hargis et al., 1991; Farrell, 1994) . Fish oil is the richest dietary source of EPA and DHA (Williams and Burdge, 2006) . The precursor for EPA and DHA is linolenic acid; however, the conversion of linolenic acid to EPA and DHA in humans is limited (Williams and Burdge, 2006) .
The potential to incorporate n-3 fatty acids and carotenoids from crab and lobster meals into eggs may be an opportunity to create value-added products that hold health benefits for consumers. This study evaluated the use of CM or LM, or both, as alternative feed ingredients for laying hens by examining their effect on productive performance, egg quality, egg fatty acid composition, and bone status over a 32-wk period.
MATERIALS AND METHODS

Crab and Lobster Meal Laboratory Analyses
Dry matter was evaluated in duplicate by calculating percent moisture loss using method 935.29 (AOAC International, 2005;  Crab and lobster meal samples were weighed (0.75 g) in duplicate and made up to 75 mL with distilled water for determination of Ca, P, Na, K, Mg, Fe, Mn, Cu, Zn, Co, and Se using method 968.08 (AOAC International, 2005; Table 1 ). Samples were then decanted, and individual minerals were analyzed using inductively coupled argon plasma-atomic spectrometry (model 9000, Thermo Elemental, Franklin, MA).
Acid hydrolysis was used to prepare duplicate samples for determination of the essential amino acids, arginine, histidine, isoleucine, leucine, lysine, phenylalanine, threonine, valine using method 994.12 (AOAC International, 1995; Table 1 ). Methionine was determined after oxidized hydrolysis. Samples were first oxidized with performic acid at 3 to 4°C. Sodium meta bisulfate (0.35 g) was added and left to stand for 2 h mixing occasionally. The samples were then hydrolyzed as described above (method 994.12; AOAC International, 1995) . Tryptophan was analyzed in duplicate in a separate procedure. A 50-mg sample was weighed into a 25-mL polypropylene tube and 0.25 mL deionized water, and 1.0 mL of 25% sodium hydroxide solution was then added. Tubes were flushed with nitrogen, sealed, and heated at 120°C. Samples were allowed to cool and then 1.0 mL 6 N hydrochloric acid was added and the mixture was made up to 25 mL with sodium citrate buffer (19.60 g + 800 mL of water + 10 mL of 98% thiodiglycol + 15 mL of HCl), pH 4.25, in a volumetric flask. The mixture was then shaken (Hugli and Moore, 1972) . Amino acid analyses were conducted with an amino acid analyzer (model Biochrom 20, Biochrom, Holliston, MA). Individual amino acids were placed in the analyzer with ninhydrin (post column derivatization) and heated to 135°C to form Ruhemann's purple, which was followed by photometric detection at wavelengths of 440 and 570 nm. For pigmentation determination, lipids containing the pigments were extracted using the Folch et al. (1957) procedure (Table 1) . Lipid extracts were submitted to a solid-phase extraction to remove sterols and to isolate the pigments. The pigments fraction was saponified to bring the mono-and di-ester forms of astaxanthin into free astaxanthin (Del Campo et al., 2004) and then injected and separated using HPLC (Yuan and Chen, 1997) . The HPLC was a ProStar HPLC system (Varian Associates, Inc., Walnut Creek, CA) composed of a Kinetex 2.6 μm 100Å C18 100 × 4.6 mm column, a quarterly pump system (model 240), an autosampler (model 410), and a photodiode array detector (model 435). Color score (Table 1) was determined using a MiniScan XE Plus colorimeter (model 45/0-L, Hunter Associates Laboratory, Reston, VA), which generated reflectance values using the daylight illuminant setting (D65, CIE L, a, b).
Fatty acid composition of the meals was determined on duplicate samples using the hydrolytic extraction gas chromatographic method (method 996.06; AOAC International, 2005; Table 2 ). Fatty acid methyl ester products were analyzed using a DB-23 column (60 m × 0.32 mm internal diameter × 15 μm) on a gas-liquid chromatograph (model Varian 3400, Varian Associates Inc., Palo Alto, CA) equipped with an injector and a flame ionization detector. Tritidecanoin (Nu-Chek Prep. Inc., Elysian, MN) was used as the internal standard. Hydrogen gas was used as the carrier.
Production Trial
A 32-wk production study was undertaken with four hundred thirty-two 35-wk-old Shaver White Leghorn laying hens. Hens with an initial average weight of 1,700 g ± 11 were assigned to a 3-tier stacked battery system, where 12 birds were randomly assigned to each of the 36 units. One unit consisted of 2 adjacent cages, and each unit was supplied with individual feeders. All hens were managed in accordance with the local Animal Care and Use Committee guidelines that follow Canadian Council on Animal Care Codes of Practice (CCAC, 1993) .
Six dietary treatments [control, 2.5% CM, 5% CM, 2.5% LM, 5% LM, and 2.5% CM + 2.5% LM (blend)] were randomly assigned to the 36 units with cage tier as a blocking factor, giving 2 replicates per tier and 6 replicates per treatment. All birds received the allocated diet in a mash form ad libitum until they were 67 wk of age. Water was provided ad libitum from a nipple drinker. Light (5 lx) was provided for 15.5 h from 0500 h to 2030 h. Room temperature was kept at approximately 23°C. Throughout the trial, mortality was recorded as it occurred, and hens that died were examined postmortem by a veterinary pathologist.
All diets were formulated to include oyster shell and commercial ground limestone. Diets were formulated in accordance with the Shaver breed allowances (Shaver White Commercial Management Guide, Shaver Poultry Breeding Farms Ltd., 2001). The diets were fed in 3 phases starting at 35 wk (Table 3) , with diet changes at 42 wk (Table 4 ) and 55 wk of age (Table 5) adjusted to reflect the changing nutrient needs of birds as they aged.
Body weight of all birds was measured in groups of 3 at the beginning of the trial and subsequently at 28-d intervals. Feed consumption was determined on a 28-d basis, and feed was weighed and fed to hens daily. Feed was weighed back on the last day of the 28-d interval and as mortality occurred. Feed consumption was calculated on a per bird per day basis at the end of the 28-d interval. Feed efficiency was determined by calculating the amount of feed in grams to produce 1 g of egg.
Egg production including sound eggs and unmarketable eggs (cracked or soft-shelled) was recorded daily. Hen day production was calculated for each 28-d cycle. Eight eggs were collected from each unit during the last 2 d of each 28-d interval for measurement of egg specific gravity, egg and yolk weight, albumen height, and yolk color. After collection, eggs were immediately measured to determine specific gravity by flotation of the eggs in a graded series of saline solutions (1.066 to 1.098 in increments of 0.004; Thompson and Hamilton, 1982) . Eggs were then placed in flats and were moved to the laboratory where each egg was broken onto a flat surface and albumen height was measured using an albumen height gauge (model AG-10, Richard Brancher Research Ltd., Ottawa, ON, Canada). The egg yolk was then removed and homogenized to determine yolk color using a MiniScan XE Plus colorimeter (model 45/0-L, Hunter Associates Laboratory, Reston, VA), which generated reflectance values using the daylight illuminant setting (D65, CIE L, a, b). Egg yolk color was measured in duplicate for each egg yolk and the average reported.
Two eggs were collected at the end of the trial from each unit from birds on control, 5% CM, 5% LM, and 2.5% CM + 2.5% LM treatment groups. Eggs yolks were separated then pooled, homogenized, and frozen at −80°C before fatty acid analysis. Yolk lipids were then extracted using chloroform/methanol (2:1 vol/vol) (Folch et al., 1957) before determination of fatty acid methyl esters using the procedure adapted from Lepage and Roy (1984) . Fatty acid methyl ester products were analyzed using a gas-liquid chromatograph (model CP-3900 GC-FID, Varian Associates Inc., Middelburg, the Netherlands) equipped with a flame ionization detector in a direct injection mode using a ZB-WAX capillary column (20 m × 18 mm × 18 μm). Nonadecanoic acid (Nu-Chek Prep Inc., Elysian, MN) was used as the internal standard. Hydrogen gas was used as the carrier.
Bone Status
At 35 wk of age, 10 birds were killed by cervical dislocation before treatment allocation. When the birds reached 55 wk and 67 wk of age, 6 birds from each treatment were killed by cervical dislocation. After death, wings were removed and bones cleaned of all tissues at the time of collection. Bones were then frozen at −20°C for future analysis. All bones were collected from reproductively active hens, which were verified by everting the cloaca. Only ulnas were used in subsequent tests of breaking strength and composition. The ulna was chosen because of its medullary bone content.
Prior to analysis, bones were removed from the −20°C freezer and were left to thaw for 24 h. The physical length was measured to determine the midpoint of each ulna. The midpoint diameter and weight of each bone were measured. Breaking strength was conducted on ulnas using a texture analyzer (model TA.XTplus, Texture Technologies Corp., Scarsdale, NY). A 30-kg load cell and a 3-point bend rig equipped with a roundedged 3-mm-thick TA-92 blade were used. The cranial side of each bone was placed across two 3-mm rounded supports spaced 40 mm apart. The blade located midshaft descended perpendicular to strike the bone at its midpoint. The blade descended at a test speed of 0.5 mm/sec for a distance of 20 mm. All fragments were collected after breaking for subsequent determination of bone ash and calcium content.
Bone fragments were dried at 100°C for 48 h and then fat extracted for 8 h with petroleum ether using a Soxhlet apparatus. After extraction, thimbles were allowed to dry overnight in the fume hood and were then dried at 100°C for 24 h before ashing. Ash determination of bones was obtained by ashing bones at 600°C in a muffle furnace for 24 h (Zhang and Coon, 1997). Bones were placed in a desiccator and allowed to cool 
Statistical Analysis
Production performance measures, egg quality measures, egg production, and bone measurements were subjected to repeated measures analysis using the Proc Mixed procedure (Littell et al., 1996) of SAS (SAS Inst. Inc., Cary, NC). The production experiment was comprised of a randomized complete block design. The trial was represented by 6 blocks (2 sides × 3 rows) in a 3-tier cage system, and time was represented by period. For repeated measures analysis, the factor of period was added. The data was sliced (Slice option, SAS Institute, 2010) by period when there were significant interactions between treatment and period. If significant main effects or interactions were found, the Tukey-Kramer test was used to compare differences among the least squares means (P < 0.05). Simple linear regression was performed for EPA content of the diets and egg yolks using Minitab Statistical Software 15 (Minitab Inc. 2006 ) to determine the relationship between the 2.
RESULTS AND DISCUSSION
Crab and Lobster Meal Laboratory Analyses
Major components, mineral, and essential fatty acid analyses of CM and LM are summarized in Table 1 . The CP content of the CM and LM were 54.5 and 44.6%, respectively, making them excellent sources of protein. Crab meal and LM contained 15.3% and 10.6% crude fat, respectively (Table 1) , which was similar to fish meal (10%; NRC, 1994) . The crude fiber component of CM and LM differed significantly. Lobster meal contained more than double the amount of crude fiber (22.5%) compared with CM (9.1%; Table 1 ). It was expected that CM and LM would have relatively high crude fiber values due to the fibrous material chitin contained in the exoskeleton of both crabs and lobsters, which appears insoluble in the fiber procedures (Stelmock et al., 1985) . As well, it was illustrated by analysis that the chitin content has been reduced to less than 10% from approximately 36% in previous meals (Johnson and Peniston, 1982) . This allows these ingredients to be more readably available to monogas- Methionine premix is composed of 50% wheat middlings and 50% dl-methionine. 4 Premix supplied the following per kilogram of diet: vitamin A (retinyl acetate), 8,000 IU; vitamin D 3 (cholecalciferol), 2,500 IU; vitamin E (dl-α-tocopheryl acetate), 20 IU; vitamin K (menadione sodium bisulfite), 2.97 mg; riboflavin, 7.6 mg; pantothenic acid (dl-Ca-pantothenate), 7.2 mg; vitamin B 12 (cyanocobalamin), 0.12 mg; niacin, 31 mg; folic acid, 0.66 mg; choline (choline chloride), 556 mg; biotin, 0.16 mg; pyridoxine (pyridoxine HCl), 4 mg; thiamine (thiamine mononitrite), 1.94 mg; manganese (manganous oxide), 54 mg; zinc (zinc oxide), 64 mg; copper (copper sulfate), 10 mg; selenium (sodium selenite), 0.15 mg; ethoxyquin, 50 mg; wheat middlings, 2,189 mg; ground limestone (38% calcium), 1,900 mg. trics due to the reduction in the nondigestible portion (chitin). The ash content was intermediate with CM containing 16.0% and LM 26.0% (Table 1) . Because the ash content is a determination of the mineral content, it can be hypothesized that the Ca contained in the exoskeleton contributed to the ash values obtained (Adeyeye, 2002) .
The principal mineral contained in both CM and LM was Ca, with lobster meal (7.1%) containing more than double the amount of crab meal (3.2%; Table 1 ). A greater proportion of the Ca-containing exoskeleton is used in the production of the LM, giving reason for higher Ca in LM compared with CM. For the trace minerals, there is a large difference between CM (11 mg•kg −1 ) and LM (61 mg•kg −1 ) for Mn ( Table 1) . The majority (95%) of Mn in crabs and lobsters is stored in calcified areas of the body such as the exoskeleton (Baden et al., 1995; Bjerregaard and Depledge, 2002) . It is hypothesized that LM contains a greater portion of the exoskeleton due to its larger body size, contributing to the high Mn content observed in this ingredient.
On the basis of individual amino acids, CM and LM were most comparable with soybean meal (48% CP; NRC, 1994) and contained a good balance of the essential amino acids in quantities that would support requirements (Table 1) . When comparing the 2 meals, it is evident that CM is a richer source of the essential amino acids that could be potentially limiting in the diets of laying hens. Additional research would be beneficial in determining the potential availability of amino acids from both of these meals.
Twenty-six individual fatty acids were identified in both CM and LM (Table 2) . Analysis identified that CM and LM may be a valuable source of the n-3 fatty acids EPA and DHA. Of the total fat present in the CM, 21% was composed of the n-3 fatty acids, whereas LM contained 15.3%. At 5% supplementation, CM would contribute 64 mg•kg −1 and 31 mg•kg −1 and LM would supply 30 mg•kg −1 and 16 mg•kg −1 EPA and DHA, respectively. The n-3 to n-6 ratio for CM and LM was 4.58 and 3.33, respectively. These feedstuffs also supply the essential fatty acid linoleic and to a much lesser extent α-linolenic, which are necessary for poultry (Balnave, 1970; Budowski and Crawford, 1986; Watkins, 1991) . Previous work with CM illustrated that at 3 and 6% inclusion there was an increase in Methionine premix is composed of 50% wheat middlings and 50% dl-methionine. 4 Premix supplied the following per kilogram of diet: vitamin A (retinyl acetate), 8,000 IU; vitamin D 3 (cholecalciferol), 2,500 IU; vitamin E (dl-α-tocopheryl acetate), 20 IU; vitamin K (menadione sodium bisulfite), 2.97 mg; riboflavin, 7.6 mg; pantothenic acid (dl-Ca-pantothenate), 7.2 mg; vitamin B 12 (cyanocobalamin), 0.12 mg; niacin, 31 mg; folic acid, 0.66 mg; choline (choline chloride), 556 mg; biotin, 0.16 mg; pyridoxine (pyridoxine HCl), 4 mg; thiamine (thiamine mononitrite), 1.94 mg; manganese (manganous oxide), 54 mg; zinc (zinc oxide), 64 mg; copper (copper sulfate), 10 mg; selenium (sodium selenite), 0.15 mg; ethoxyquin, 50 mg; wheat middlings, 2,189 mg; ground limestone (38% calcium), 1,900 mg. linolenic acid, EPA, and DHA in eggs compared with control diets (Carrillo-Domínguez et al., 2005) . These findings suggest that CM and LM may be beneficial in creating value-added products by incorporating beneficial n-3 fatty acids into the egg yolks of laying hens. Unlike other components, the lipid content of CM and LM should be relatively consistent because the majority of the lipid component of crustaceans is found in membranes, which is influenced very little by seasonal changes (Krzeczkowski and Stone, 1974) .
Production Trial
Production measured as BW, hen day production, and feed efficiency were not affected (P > 0.05) by the addition of CM and LM to the diet (Tables 6 and  7) . Egg quality measures, egg specific gravity, albumen height, and egg weight were not influenced (P > 0.05) by treatment (Table 6 ). Percent unmarketable eggs was not different (P > 0.05) among treatments or over time (Table 7) . Therefore, the incorporation of CM and LM equally supported weight change, feed efficiency, and egg production (Tables 6 and 7 ). The percent mortality was 4% throughout the trial with no treatment differences (P > 0.05), with the majority of birds being diagnosed with fatty liver syndrome and prolapse as the main causes of death.
Egg yolk color was affected (P ≤ 0.05) by the addition of CM and LM for both lightness (L*; Table 8 ) and redness (a*; Table 9 ), thereby indicating that carotenoids present in CM and LM were successfully deposited in the egg yolk of birds receiving supplemented diets, identified by differences in L and a* score. The greatest fluctuation was observed during period 3 and 4, which was due to experimental error. At these times, a different holding cup was used for the samples, which altered the reflectance, giving skewed L* score values. By the end of the first 28-d period, eggs from the blend treatment had an L* score that was similar (P > 0.05) to 5% LM but lower (P ≤ 0.05) than the other treatments. At the end of the second 28-d period, eggs from blend, 5% CM, and 5% LM had similar (P > 0.05) L* Methionine premix is composed of 50% wheat middlings and 50% dl methionine. 4 Premix supplied the following per kilogram of diet: vitamin A (retinyl acetate), 8,000 IU; vitamin D 3 (cholecalciferol), 2,500 IU; vitamin E (dl-α-tocopheryl acetate), 20 IU; vitamin K (menadione sodium bisulfite), 2.97 mg; riboflavin, 7.6 mg; pantothenic acid (dl-Ca-pantothenate), 7.2 mg; vitamin B 12 (cyanocobalamin), 0.12 mg; niacin, 31 mg; folic acid, 0.66 mg; choline (choline chloride), 556 mg; biotin, 0.16 mg; pyridoxine (pyridoxine HCl), 4 mg; thiamine (thiamine mononitrite), 1.94 mg; manganese (manganous oxide), 54 mg; zinc (zinc oxide), 64 mg; copper (copper sulfate), 10 mg; selenium (sodium selenite), 0.15 mg; ethoxyquin, 50 mg; wheat middlings, 2,189 mg; ground limestone (38% calcium), 1,900 mg.
scores. For the remaining periods, the L* score fluctuated; however, eggs from 5% CM, 5% LM, and blend were always darker (P ≤ 0.05) than the control. A study by Anderson et al. (2008) also observed a darkening of yolks represented by a higher L* score with the use of astaxanthin in the form of Carophyll Red. 3 Pooled SEM (6 replicates of 12 hens each per treatment for hen-day production and unmarketable eggs; 6 replicates of 4 eggs each per treatment for egg weight, specific gravity, and albumen height).
At the end of period 1, the a* score (Table 9 ) of the eggs from the blend treatment was higher (P ≤ 0.05) than all of the other treatments. By the end of period 2, the a* score of the eggs from all of the CM and LM treatments were higher than the control. This trend continued until the end of the trial. A previous study using 8% CM in the diets of laying hens concluded that red color (a* score) was significantly increased in control yolks when astaxanthin was included in the diet (Daniel et al., 2006; Anderson et al., 2008) . Similar results have been found with supplementation of red pepper in which a* score has been increased from 0.80 ± 0.39 in control yolks to 5.66 ± 0.32 with 0.76 mg•kg −1 capsaicin supplementation (González et al., 1999) . These studies agree with the current study that laying hens are successful in deposition of dietary carotenoids into egg yolks.
Treatment did not influence the yellowness of the egg yolk (P > 0.05). All treatments had similar b* score values (56.6, 55.8, 55.0, 55.7, 55.8, and 56.1; control, 2 .5% CM, 5% CM, 2.5% LM, 5% LM, and blend, respectively). There was a period effect (P ≤ 0.05) in which eggs contained more yellow pigment at the beginning (61.2 and 58.0; period 0 and period 8 b* scores, respectively) of the trial before dietary treatment was a factor.
Analysis of DHA and total n-3 fatty acid content in the egg yolk from control and 5% treatments showed that there was a difference (P ≤ 0.05) among all groups ( Table 10 ). Hens that received the 5% CM had greater (P ≤ 0.05) contents of DHA and total n-3 compared with all of the other treatments. The eggs from the 5% CM treatments had more than double the n-3 content compared with the control. There was a difference (P Table 8 . The effect of crab meal or lobster meal, or both, on L* scores 1 of egg yolks produced over 32 wk of feeding ≤ 0.05) among treatment groups for arachidonic acid with control eggs having the greatest and linoleic acid being the greatest (P ≤ 0.05) in eggs from hens being fed 5% LM. These findings are similar to those of Carrillo-Domínguez et al. (2005), in which 3 and 6% red CM was supplemented in the diets of laying hens. Eggs from birds receiving the CM and LM diets contained significantly more DHA and total n-3 content compared with control. They also illustrated that CM increased the arachidonic acid and linoleic acid concentration compared with control yolks. However, this group also found a significant increase in EPA and total n-6, which was not observed in the current study. The differences observed may be due to the differences in the type of CM used. The red CM evaluated by Carrillo-Domín-guez et al. (2005) contained a higher concentration of EPA (2.9 g/100 g) compared with the snow CM (1.28 g/100 g) and contained a greater percentage of total fat (17.1% for red CM and 10.5% for snow CM). In the current study, regression analysis showed a relationship between dietary EPA content and egg yolk EPA; however, it was not strong (r = 0.70). This is probably due to the fact that a percentage of dietary EPA is being converted to DHA. Therefore, the efficiency in deposition of EPA from the diet into the egg yolk would not be 100%. This is evident in the 5% LM egg yolks that did not contain any EPA because the small percentage present in the LM was presumably converted to DHA or could have been used for energy. The presence of polyunsaturated fatty acids in eggs can result in off-flavors (Huang et al., 1990; Nash et al., 1996) . However, based on the findings of Nash et al. (1996) in which the inclusion of menhaden meal only at levels greater than 8% produced eggs with a "fishy" off-flavor, a sensory evaluation was not conducted in this study. However, for inclusion levels greater than the 5% used in this study a sensory analyses would be recommended.
Bone Status
Ulnas that were collected from 10 birds at 35 wk of age were used as a base comparison to examine if differences occurred before the supplementation of CM and LM (Table 11 ). It was observed that before treatment allocation, there were no differences (P > 0.05) in bone measurements. This indicates that birds had similar bone health before the trial and any differences observed during 55 and 67 wk could be attributed to treatment or age changes and not to the effect of variations in bone growth during early development among hens.
There were no effects (P > 0.05) of CM and LM supplementation on any of the bone quality parameters measured at 55 and 67 wk of age (Table 11) . Overall, the addition of CM and LM maintained bone health. Previous research into bone quality had focused on the addition of particulate calcium sources such as limestone and oyster shell in which large particle calcium was beneficial (Guinotte and Nys, 1991; Fleming et al., 1998) . However, bone status has not been examined using marine meals such as CM and LM. These data suggest that the addition of CM and LM in combination with traditional oyster shell and limestone can support bone quality over the production cycle.
Crab meal provides a good source of protein and other nutrients that supported production performance, egg quality, and bone strength throughout the study. Lobster meal also provides the essential nutrients, which was evident in the ability of the bird to maintain production, egg quality, and bone status. Crab meal and LM are valuable sources of supplemental protein, calcium, and DHA for poultry and have no adverse effects when added at 2.5 or 5% inclusion. Crab meal and LM may provide the antioxidant astaxanthin, which could be successfully deposited in the egg yolk of laying hens. At levels higher than 5% inclusion of CM and LM, color of egg yolks may be disliked by the consumer unless pigmentation is desired as a marketing tool. 
